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MODEL STUDIES OF DAM AND LOCK, CHI-KIANG 17
Hydraulic Model Studies of Dam and Lock at Shih-Chi-Kuo
and Hua-Shih-Chih, Chi-Kiang, Szechuan
Absiract

A. Projeet conducted for: Huai River Commission.

B. Investigators: Experiments conducted by H. G. Wang and C. C. Yao under
the direction of P. T, Tan.

C. Purpose: To investigate pressure distribution on dam surface, location of
hydraulic jump, bed erosion, and flow characteristics at lock entrances.

D. Outline and results:

Chi-kiang, one of the tributaries of the Yangtze River, originates in the
mountaineous region of Kueichow Province flowing northward into Szechuan
Province, bearing a total length of 130 km approximately. The slope of river bed
is very steep, and rapids occur throughout the river channel, so that navigation
is very difficult, Meeting this need, Huai River Commission had prepared a
canalization project of the river and two sets of dam and lock at Yang-Ti-Tung
and Kai-Shih-Tung were first constructed a couple of years ago. The two sets of
dam and lock at Shih-Chi-Kuo and Hua-Shih-Chih are now being under construc-
tion. The height of dam at Shih-Chi-Kuo and at Hua-Shih-Chih will be 5,3 m
and 6 m respectively. At the side of each dam, the lock will be installed with a
net lengih of lock cnamber of 60 m, net width of 12 m, and thé difference in
water level being 5 m for both cases. ‘The maximum discharge of the Chi-Kiang
was estimated to be about 4,500 c¢. m. s. During the flood period, the lock cham-
ber will be submerged dnd will not function in consequence.

‘The investigation was started in February 1941, and completed in May the
same year. Three models were used in this study: a 1:30-scale model, reproducing
the entire section of overflow dam of Shih-Chi-Kuo, a 1:85-scale comprehensive
mode}, reproducing the dam and lock at Shih-Chi-Kuo, and a 1:50 scale model,
reproducing the entire section of dam of Hua-Shih-Chih. The model tests. and its
results are summarized as follows:

(1) The investigation of pressure distribution on dam surface: The pressure
variation on dam surfaces depends on the flow pattern over the crest, which in
turn depends on the tail-water depth. When the tailwater is high, the flow over
crest is of submerged type, and the magnitude of pressure is in direct proportion

to the water depth on dam surface approximately. When the tailwater islow, the
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flow may be of complete free fall, and negative pressure usually occurs on dam
surface. Fig. 1,I. 10 shows the experimental results of pressure distiibution on
dam surface with extremely low tailwater depth, The negative pressure occur-
red on the top of dam with the discharge exceeding 7,88 c.m. s, per m. The
relations between pressure variation and the tailwater elevation for a certain
discharge are illustrated in Fig. 2, Fig. 3 shows the flow pattern and pressure
distribution of a certain discharge with normal tailwater depth. No negative
pressure was found for all cases of flow with normal tailwater depth. The mag-
nitude of minimum pressure of Hua-Shih-Chih Dam was calculated from the experi-
mental data on Shih-Chi-Kuo Dam by using a proper ratio. The relation between
the minimum pressure on dam surface and the upstream water stage of Hua-Shih-
Chih Dam is shown in Fig. 7, P. 14, A negative pressure head of 0,94 meter of
water was indicated for a max. free-fall discharge of 2,400 c. m. s.

(2) The determination of bed erosion below dam: ‘The flow pattern and
the bed erosion of Hua-Shih-Chih Dam were investigated by means of a 1:50 scale
section model. The current forms, as illustrated in Fig, 5, were obtained in
glass-walled flume test with fixed bed. The bed erosion test was conducted in the
same fluine with movable bed composed of white broken stone with an average
diameter of 2 mm. A very slight erosion with the discharge much less than 22.88
c.m.s, per m was indicated as shown in Fig. 6, The serious bed erosion was
found with the discharge exceeding 22,88 c. m.s. per m because of the upward
bottom current of large roller covered a length longer than that of the apron.
When discharge of 42.86 c. m, s. per m with downstream normal depth was tested,
the bed erosion was also slight. ’

(3) ‘The investigation of flow characteristics at lock entrances; A’1:85-scale
comprehensive model, reproducing Shih-Chi-Kuo Dam and lock, was used to
investigate the flow condition. The relation between upstream snd downstream
water stages was obtained as in Fig. 9, P. 15. The maximum discharge for free
navigation was found to be 280 c. m.s. with upstream water stage of 436,5 m.
If the discharge exceeds this max. value, the lock chamber will be submerged.

Formation of rollers was found at the downstream entrance of the lock, for

both casés with discharges of 280 and 100 ¢, m. s. respectively, as shown in Photos
2 and 3, The velocity of roller was estimated to be 0,9 m per second for a flow
of 280 c¢.m.s,, while it was 0,5 m per second for a flow 100 ¢. m.s. The roller
has tendency to keep the boats in rotation, but it would do no harm to the passage
of boats if careful operated. An increased in length of the guide wall from 20 m
to 54,5 m would provide a larger area of dead water for boats to lay at anchor
or waiting for lock operation, *
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